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Transboundary fisheries, climate change, and the ecosystem approach:
taking stock of the international law and policy seascape
Cecilia Engler 1
ABSTRACT. The ecosystem approach to fisheries management is a conceptual and practical framework consistent with, and supportive
of, climate change adaptation at the national and regional level. Implementing an ecosystem approach can contribute to climate change
adaptation by improving ecosystem resilience and reducing vulnerability to climate change, by providing planning strategies and tools
to monitor and assess the impacts of climate change on fisheries, and by relying on precautionary, flexible, and adaptive approaches
that account for the uncertainties, surprises, unpredictability, and dynamism of ecosystems in a changing climate.
In this article, I provide an overview of some key considerations framing the mandate and capacity of regional fisheries management
organizations and arrangements to implement ecosystem approaches in the context of climate change. The article first addresses the
extent to which international law of the sea, and in particular the 1995 United Nations Fish Stock Agreement, endorses and implements
an ecosystem approach to fisheries for the management of straddling and highly migratory stocks. It then addresses the barriers to
more effective implementation of an integrated and adaptive ecosystem approach to fisheries in transboundary settings, including the
decentralized and consensus-based nature of international law, stationary visions of ecosystems, and principles of certainty and stability.
This analysis is then expanded to focus on specific challenges of adapting to climate-induced changes to transboundary stocks
distribution and abundance. I address preparing and planning for climate change, responsive decision-making procedures, regulation
of new fisheries, jurisdictional challenges, enhancing marine resilience, and revisiting allocation agreements, highlighting legal provisions
and policy developments that may support or enhance the adaptive capacity of transboundary fisheries arrangements. I conclude that,
despite some supportive legal provisions and practices, structural, legal, and political barriers severely hinder the pace and the scope
of required governance and management responses to climate-induced changes to transboundary stocks.
Key Words: adaptive management; climate change; ecosystem approach to fisheries; integrated management; law of the sea; ocean acidity;
regional fisheries management organizations or arrangements
INTRODUCTION
Over the past 30 years, the evidence and understanding of the
impacts of anthropogenic greenhouse gas (GHG) emissions on
the climate system, including oceans, have strengthened (IPCC
2019). The recent “Special Report on the Ocean and Cryosphere
in a Changing Climate” (IPCC 2019) describes multiple,
interconnected, intense, and accelerating processes of change in
all ocean areas. Oceans have warmed and the rate of warming is
likely increasing; marine heatwaves are more frequent, longer-
lasting, intense, and extensive; oceans have acidified; upper ocean
has been stratifying and experiencing oxygen loss, with hypoxic
areas (“dead zones”) expanding in coastal areas; sea ice cover has
decreased; global mean sea level is rising and accelerating; extreme
wind, rainfall, and sea level rise associated with tropical cyclones
have intensified, exacerbating extreme sea level rise and coastal
hazards; and ocean circulation systems are changing (IPCC 2019).
These climate-induced changes, together with nonclimatic
pressures from human activities, are impacting marine primary
production, marine organisms at multiple trophic levels,
community composition, and ecosystem structure. Observations
and projections point to poleward shifts in the distribution and
biomass of pelagic species as well as distribution shifts to deeper
waters; altered seasonal timing of species’ activities; habitat
compression; changes in species’ abundance, migration patterns,
reproduction, and growth; reduction in body size; increased
mortality; and risk of local extinction (IPCC 2019).  
The observed and projected changes threaten ecosystem services,
including provisioning services such as fisheries. Global
maximum catch potential is projected to decrease in the 21st
century, but with regional variations both in the direction and
rate of change. The distribution and composition of exploited
species will likely be altered (IPCC 2019). The frequency and
intensity of extreme climate events can cause increased mortality,
changes in primary productivity, distribution shifts, and
disruptions to fishing activities (IPCC 2019). Climate change will
also increase uncertainty and affect the accuracy of management
advice, because it will likely shift the baseline oceanographic
conditions considered in stock assessment models (Cheung et al.
2019). Some of these impacts have already occurred and risks
increase with increasing GHG emissions (IPCC 2019). Thus,
addressing climate change is already an imperative for fisheries
management at the local, national, and regional level.  
The ecosystem approach to fisheries management (EAFM) is
generally considered a conceptual and practical framework
consistent with, and supportive of, climate change adaptation
(OECD 2010, de Young et al. 2012, Porter et al. 2014, Heenan et
al. 2015; see also Pinsky and Mantua 2014, Shaw et al. 2014,
Barange et al. 2018, Rayfuse 2019). The EAFM is a sectoral
implementation of ecosystem approaches (EA) to management
(CBD 2000). As a distinctive feature, it is an integrated or holistic
approach that places resource assessment and management in the
context of the whole system, i.e., the dynamic complex of biotic
and abiotic components interacting as a functional unit (CBD
2000, FAO 2003, Engler 2015). EAFM “strives to balance diverse
societal objectives, by taking into account the knowledge and
uncertainties about biotic, abiotic, and human components of
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ecosystems and their interactions and applying an integrated
approach to fisheries within ecologically meaningful boundaries”
(FAO 2003:14). The EAFM has been endorsed by international
fora (FAO 2002, UN 2002, UN 2015, UNGA 2019) as the main
framework for managing fisheries and implementing the
principles of sustainable development.  
The EAFM can contribute to climate change adaptation in several
ways. First, by balancing conservation, sustainable use and fair
allocation of natural resources (Heenan et al. 2015) the EAFM
maximizes the resilience of stocks and ecosystems (Porter et al.
2014) and reduces the vulnerability of fisheries systems to climate
change (de Young et al. 2012). Second, the integrative nature of
EAFM provides the planning strategy and tools to monitor and
assess the impacts of climate change on fisheries to inform
management decisions through planned adaptations (de Young
et al. 2012). Indeed, the risks of climate change and ocean
acidification are part of the wider set of drivers affecting fisheries
systems (Heenan et al. 2015) that are integrated into fisheries
management under an EA. Third, the EAFM requires
precautionary, flexible, and adaptive approaches to account for
the uncertainties, surprises, unpredictability, and dynamism
inherent to complex social-ecological systems (Karkkainen 2002,
Engler 2015, Heenan et al. 2015, Long et al. 2015) and which will
intensify as climate change progresses (de Young et al. 2012, Porter
et al. 2014).  
In this article I provide an overview of the international law and
policy framing the mandate and capacity of regional fisheries
management organizations and agreements (RFMO/As) to
implement integrative and adaptive ecosystem approaches to
transboundary fisheries management in the context of climate
change. While taking stock of the international law and policy
seascape, I explore features supportive of climate change
adaptation, systemic barriers, and potential ways forward. These
insights also provide a general background to the case studies
included in this Special Feature (Koubrak and VanderZwaag
2020). I address first the extent to which the law of the sea, and
in particular the 1995 United Nations Fish Stock Agreement
(2167 UNTS 3, hereinafter UNFSA) endorses and implements
an EAFM for straddling and highly migratory stocks. I address
barriers to a more effective implementation of an integrated and
adaptive EA in transboundary settings, drawing from the
extensive scholarship addressing legal implications of ecosystem
management, social-ecological resilience, and adaptive governance
(see Humby 2014, Frohlich et al. 2018 for literature reviews), and
outline the approaches adopted by RFMO/As to overcome those
barriers. I further expand the analysis to the specific challenges
of adapting to climate-induced changes to transboundary stocks’
distribution and abundance..
THE ECOSYSTEM APPROACH IN INTERNATIONAL
FISHERIES LAW
The 1982 United Nations Convention on the Law of the Sea (1833
UNTS 397, hereinafter UNCLOS) was not drafted with
ecosystem considerations in mind (Molenaar 2002, Engler 2015),
although some of its provisions have been interpreted as opening
the doors for the implementation of an EA (Diz Pereira Pinto
2012; see also Wolfrum and Matz 2000, 2003). Rather, UNCLOS
adopted a zonal and sectoral approach in defining the
jurisdictional entitlements and management and conservation
obligations of states. Coastal states exercise management rights
and responsibilities (subject to some minimal and largely
unenforceable obligations to fishing states regarding the
allocation of surplus stocks) over the 200 nautical mile exclusive
economic zone (EEZ), and, in the case of sedentary species,
beyond the EEZ to any areas of extended continental shelf
jurisdiction. In the high seas area beyond 200 nautical miles,
fishing is a (qualified) freedom of the high seas (UNCLOS Article
87) and subject to flag state jurisdiction (UNCLOS Article 92).  
In relation to marine living resources, the UNCLOS regime is
predominantly exploitation oriented (Wolfrum and Matz 2000)
and with a bias for single-species management. States are required
to adopt conservation and management measures designed to
maintain or restore populations of harvested species at levels that
can produce the maximum sustainable yield (as qualified by
relevant environmental and economic factors, UNCLOS Arts. 61,
119). For shared stocks (stock or stocks of associated species
occurring within the EEZs of two or more coastal states),
straddling stocks (stock or stocks of associated species occurring
within the EEZ and in an area beyond and adjacent to the zone),
highly migratory species (listed in Annex I of UNCLOS), and
living resources in the high seas, UNCLOS simply encourages or
requires cooperation between coastal states and states fishing for
the same resources in the high seas, either directly or through
regional or subregional organizations (UNCLOS Arts. 63, 64,
118).  
The conflicting interests of coastal and fishing states, coupled
with the imprecise cooperation obligations set out in UNCLOS,
led to a period of significant disputes over, and overutilization of,
both straddling stocks (e.g., the northwest Atlantic fisheries off
the coast of Canada) and highly migratory stocks (most
prominently in the western and central Pacific). In 1992, the
United Nations Conference on Environment and Development
adopted Agenda 21, which called for states to convene an
intergovernmental conference under United Nations (UN)
auspices with a view to promoting effective implementation of
the provisions of UNCLOS (UNCED 1992). The intergovernmental
conference adopted UNFSA in 1995. The Agreement strengthens
Articles 63 and 64 of UNCLOS by institutionalizing the
obligation to cooperate in the conservation and management of
straddling and highly migratory stocks in RFMO/As and
strengthening the obligation for states to comply with and enforce
the rules put in place by RFMO/As. Importantly for the purposes
of this article, UNFSA also introduced modern principles of
sustainable development (UNFSA: Preamble ¶6-7, Orrego
Vicuña 1999) reflected inter alia in the 1992 United Nations
Conference on Environment and Development, the 1992
International Conference on Responsible Fisheries, and the Food
and Agriculture Organization of the United Nations (FAO) 1995
Code of Conduct for Responsible Fisheries. For example, the
Agreement’s objective is to ensure the long-term conservation and
sustainable use of straddling and highly migratory stocks
(UNFSA Article 2), and the precautionary approach is mandated
for the conservation, management, and exploitation of stocks
(UNFSA Article 5 and Annex II).  
The EAFM is not explicitly mentioned in the Agreement.
Nevertheless, several of its provisions reflect a more holistic and
adaptive approach to fisheries management, making it “more
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clearly based upon” the EA (Wolfrum and Matz 2003:22). The
Agreement recognizes the need to manage fish stocks in their
entirety, taking into account their biological unit (Article 7). It
also calls for assessing the impact of fishing, other human activities 
and environmental factors not only on target stocks but also on
species belonging to the same ecosystem or associated with or
dependent upon the target stocks (UNFSA Article 5(d),
[emphasis added]). Where appropriate, the RFMO/As should also
adopt conservation and management measures for nontarget
species (albeit only to maintain or restore populations of such
species above levels at which their reproduction may become
seriously threatened, UNFSA Article 5(e)). The Agreement
further calls to minimize pollution, waste, discard, catch by lost
or abandoned gear, by-catch (Article 5(f)), and more broadly to
protect biodiversity in the marine environment (Article 5(g)).  
From a procedural perspective, the Agreement requires RFMO/
As to ensure that conservation measures are based on the best
scientific evidence available (Article 5(b)), and to implement
improved techniques for dealing with risk and uncertainty in the
context of the precautionary approach (Article 6.3(a)). It also
requires taking into account existing and predicted oceanic,
environmental, and socioeconomic conditions (Article 6.3(c)), a
provision that supports the integration of climate models in the
assessment of conservation and management measures. Sharing
research on environmental factors affecting stock abundance and
oceanographic and ecological studies is required where
appropriate (UNFSA Annex 1 Article 3.2(c)).
BARRIERS TO AN ECOSYSTEM APPROACH TO
TRANSBOUNDARY FISHERIES MANAGEMENT
The UNFSA provisions described above significantly advanced
the conventional international standards for fisheries
management of straddling and highly migratory stocks (Orrego
Vicuña 1999). Nevertheless, these modern international standards
are to be implemented in the context of established legal
frameworks, principles, and practices, which are not necessarily
consistent with the holistic and adaptive nature of EAFM.  
One area of tension is the “structural barriers” (Rayfuse 2015) or
“root challenges” (UNEP 2016) affecting RFMO/As
performance generally. These include the general principle that a
treaty does not create either obligations or rights for a third state
without its consent (pacta tertiis nec nocent nec prosunt, Article
34 of the Vienna Convention on the Law of Treaties, 1155 UNTS
331), a principle underlying both the “free rider” problem and the
consensus-based decision-making process traditionally favored
in RFMO/As. The (qualified) freedom of the high seas and the
primacy of flag state responsibility further contribute to
difficulties in exhorting and enforcing cooperation for
transboundary fisheries management. Further challenges result
from the inherent tension between the integrative and adaptive
approaches called for in an EA and fundamental features of legal
systems (Owen 2013, Cosens et al. 2017): the fragmented nature
of environmental and international law; and certainty and
stability as core values of legal systems.  
Environmental law and the law of natural resources traditionally
regulated environmental problems media by media, sector by
sector, and issue by issue, resulting in a fragmented landscape of
regulatory regimes and responsible institutions. That is true both
in a national and international context (Scott 2011, Owen 2013),
including international environmental law and the law of the sea
(UN Secretary-General 2018; Molenaar and Caddell 2019).
UNFSA builds on and perpetuates the zonal and sectoral
approaches of UNCLOS. From a zonal perspective, it
institutionalizes the obligation to cooperate in “regional” fisheries
management organizations or arrangements (UNFSA, Article 8),
with the geographical area of competence identified considering
the area of distribution of the target stock(s) (UNFSA Article
9.1(b) with reference to Article 7.1) together with environmental,
social, and political factors (UNFSA Article 9.1(b), UNEP 2016).
This results in the allocation of fisheries management
responsibilities across a patchwork of organizations, generally
with fixed geographical boundaries. Additionally, many RFMO/
As have competence to adopt conservation and management
measures only for the high seas portion of the stock (UNFSA,
arts. 3, 4, 7; UNEP 2016). From a sectoral perspective, RFMO/
As’ mandates are focused on target fish stock development and
management. The membership of the organizations is limited to
states with “real interest” in the stocks (UNFSA, Article 8), a
term that has been generally interpreted by states as a fishing
interest (but see Molenaar 2000, 2019). The fisheries focus has, in
turn, dictated the structure of the organizations (e.g., the
International Commission for the Conservation of Tunas’
panels), the professionals appointed by states to its meetings
(Tudela and Short 2005, FAO/GEF 2016, Koubrak and
VanderZwaag 2020), and the data collected (e.g., UNFSA, Annex
I).  
Although UNFSA considers a broader obligation to protect
biodiversity in the marine environment, this obligation needs to
be interpreted in the context of the UNFSA objective, that is,
ensuring the long-term conservation and sustainable use of
straddling and highly migratory stocks (Tladi 2015). Biodiversity
objectives will need to be balanced with short-term and stock-
specific fisheries objectives; in a context of consensus-based
decision making, RFMO/As almost invariably prioritize the
latter. Ongoing debates in the Commission for the Conservation
of Antarctic Marine Living Resources (CCAMLR) related to the
interpretation of its objective and in particular the relationship
between conservation and rational use is a case in point (Brooks
2013, Smith et al. 2016).  
Certainty and stability, in turn, are important values in legal
systems and are reflected in cornerstone institutions such as
codification (in civil law) and stare decisis (in common law), or
institutions such as grandfathering rights (see Craig 2010, Green
et al. 2015, de Caro et al. 2017). Furthermore, early environmental
law considered the environment itself  as a stable entity and strived
to “restore” anthropogenically intervened systems to their natural
stable state (Craig 2010). Both aspects of stability are reflected in
international fisheries law and in long-standing fisheries
management practices, contributing to the rigidity and possible
maladaptation of transboundary management regimes. The
objective of maintaining or restoring populations of harvested
species “at levels which can produce the maximum sustainable
yield” (UNCLOS, arts. 61, 119) assumes stocks are in a state of
natural equilibrium and susceptible of quantification. The notion
that fisheries management is best addressed at the regional level
through an institutional entity enshrined in an international
agreement (generally with fixed boundaries) assumes a relatively
stable and immutable distribution of the stocks. It also assumes
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that the participants in the fisheries and in the agreement are a
stable and immutable group of states with “real interest”
(UNFSA, Article 8.3), a “lock-in” that explains the excruciating
difficulties in accommodating new entrants documented
elsewhere (Molenaar 2003). The decision-making procedures of
RFMO/As, often relying on consensus or unanimity as a
consequence of the consensus nature of international law, are also
supportive of the status quo (Harrison 2019).  
Perhaps the most rigid element of transboundary fish
management regimes are the allocation agreements. Allocation
of quota (or effort) is a key conservation and management
measure in most RFMO/As (UNFSA, Article 10(b)), and one of
the most difficult aspects of cooperative management. Allocation
has relied on mainly two criteria that assume stability and seek
to perpetuate the status quo. Zonal attachment, reflected in
Article 7.2(d) of UNFSA, assumes a stable distribution of stocks
inside areas of national jurisdiction and in the high seas. Historical
catches, a criterion reflected generally in the concept of existing
fisheries or existing fishing patterns and practices in Articles 7.2
(d) and 11(b) of UNFSA, recognizes and protects the fishing
status quo, often at unsustainable levels (Engler 2010).
Furthermore, the sharing agreement itself  strives for stability.
RFMO/As usually roll over past agreements with minimal
changes (Engler 2010). The expectation of stability is sometimes
stated explicitly, such as through the principle of “relative
stability” guiding the Common Fisheries Policy (EU 2013), the
limit to total allowable catch (TAC) interannual variation in the
harvest control rule adopted for the Northeast Arctic cod (Gadus
morhua) by the Joint Norwegian-Russian Fishery Commission
(Kvamsdal et al. 2016), or multiannual sharing agreements.  
RFMO/As have endeavored to overcome the tensions between
key features of EAFM and legal principles and long-standing
management practices, as well as the “structural barriers” of
RFMO/As, in several ways. They include the efforts to fill
governance gaps in international fisheries management by
establishing new RFMO/As. Additionally, several initiatives have
sought to “strengthen” RFMO/As (UNFSA, Article 13). For
example, several organizations have modified constituent
instruments to explicitly include modern management standards,
including EAFM, consistent with the provisions of UNFSA, or
have committed to those standards through policy decisions.
Most RFMO/As have established ecosystem working groups or
include ecosystem considerations in the agendas of both scientific
and decision-making bodies. Some RFMOs’ conventions allow
the adoption of decisions by majority vote when consensus
cannot be reached and limit the use of objection procedures.
Regular performance reviews have improved accountability and
transparency. Institutional cooperation (UNFSA, Article 8.6,
Scott 2011, Harrison 2019) has also been pursued with
cooperation among RFMO/As and between RFMO/As and
other multilateral environmental agreements (UNEP 2016)
increasingly in their agendas. Additionally, global fora, in
particular the UN General Assembly (UNGA) and the UNFSA
Review Conference, have been influential in improving
interinstitutional coordination, identifying best practices,
highlighting common challenges, and setting higher standards for
RFMO/As’ substantive and procedural performance (see Caddell
2019).  
Despite these initiatives, implementation of the EAFM has been
slow and uneven (Juan-Jordá et al. 2018, Haas et al. 2020,
Koubrak and VanderZwaag 2020). In most cases, RFMO/As’
work on ecosystems has focused on minimizing impact to by-catch
species, with very limited integration of broader ecosystem
considerations such as ecosystem properties, trophic
relationships, habitat protection, cumulative impacts, or multiple
drivers (Juan-Jordá et al. 2018, Haas et al. 2020; see also Link and
Browman 2014; for a broader road map for EAFM in NAFO see
Koen-Alonso et al. 2019).  
The implementation of area-based tools provides a clear example
of the tensions between modern fisheries standards and
traditional legal frameworks and principles. Concerns about the
conservation of marine biodiversity in areas beyond national
jurisdiction led the international community to call upon RFMO/
As to prevent significant adverse impacts on vulnerable marine
ecosystems (VME) from bottom fishing (UNGA 2006) and, more
broadly, to develop and implement area-based tools, including
marine protected areas, for the management of fisheries and for
the protection of marine ecosystems (e.g., UN 2002, UNFSA
Review Conference 2006, 2010, 2016). RFMO/As have responded
to these expectations to various degrees. Several nontuna RFMOs
have taken measures to protect VME, including closing areas for
all, or for specific, bottom fishing gears (Bell et al. 2019, Ortuño
Crespo et al. 2020). Particularly commended have been the efforts
of the North East Atlantic Fisheries Commission to cooperate
with the OSPAR Commission, a regional seas program with an
environmental mandate, to coordinate their respective area-based
tools and ensure multisectoral policy coherence (Kvalvik 2012,
Freestone et al. 2014, Smith and Jabour 2018; see also UNEP
2016). Pelagic closed areas are less frequent (Ortuño Crespo et al.
2020). CCAMLR stands out as establishing both the first and the
largest MPA in the high seas (South Orkney Islands Southern
Shelf  and Ross Sea, respectively; see Smith and Jabour 2018). It
is noteworthy that the objectives for the establishment of these
MPAs consider not only conserving key natural ecological
structures, dynamics, and functions (CCAMLR 2009a, 2016a)
but also providing scientific reference areas (CCAMLR 2009a),
including for monitoring natural variability and long-term change
and to gauge the ecosystems effects of climate change (CCAMLR
2016a).  
Although these efforts clearly demonstrate progress in
implementing EAFM, they have faced several challenges. Area-
based measures in areas beyond national jurisdiction are “few,
static and sectoral” (Ortuño Crespo et al. 2020). All processes
have required considerable “time and effort” (Freestone et al.
2014; see also Kvalik 2012), and the need for consensus has
repeatedly blocked the adoption of measures (Brooks 2013).
Area-based conservation tools are often designed to limit their
interference with fishing interests, sometimes against scientific
advice (Brooks 2013, Smith and Jabour 2018). The RFMO’s legal
capacity to adopt no-take area-based measures was repeatedly
questioned by state parties (Brooks 2013, Smith and Jabour 2018).
Multisectoral cooperation, in turn, has largely not been achieved
(Freestone et al. 2014).  
The negotiation of an international legally binding instrument
on the conservation and protection of marine biodiversity in areas
beyond national jurisdiction (ILBI-BBNJ; UNGA 2018)
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responds to the procedural and substantive limitations of the
fragmented legal landscape. Nevertheless, there is considerable
uncertainty on whether, and how, the proposed new regime will
interact with regional fisheries management and UNFSA. The
negotiating parties have stressed that the agreement shall be
“interpreted and applied in a manner that [respects the
competences of and] does not undermine relevant legal
instruments and frameworks and relevant global, regional,
subregional and sectoral bodies” (UNGA 2020). Arguably, the
sectoral fragmentation of international law serves political and
economic interests.
FOCUSING ON CLIMATE CHANGE: CHALLENGES
FOR TRANSBOUNDARY FISHERIES MANAGEMENT
The previous sections provided an overview of the international
legal and policy seascape addressing EA for transboundary
fisheries management. They highlight the tensions between the
holistic, precautionary, adaptive, and flexible approaches
required under EAFM and long-standing international legal
rules, principles, and practices that favor fragmentation, promote
stability, and protect the status quo. These tensions will intensify
in the context of increasing climate variability and change.
Changes in fish stocks’ distribution and abundance and in
ecosystem composition, together with increased variability and
uncertainty, will challenge RFMO/As’ jurisdictional and
institutional settings, scientific and decision-making processes,
and management objectives and approaches. I address some of
these challenges, expanding the analysis of the previous section
and providing an overview of legal provisions and policy
developments that may support and enhance RFMO/As’ adaptive
capacity.
Preparing and planning for climate change
To date, RFMO/As have generally addressed climate-induced
changes in their scientific or ecosystem subsidiary bodies in an
ad hoc manner. Only some include climate-related research in
their scientific work plans or strategies (e.g., CCSBT 2015)
although with relatively low priority (CCSBT 2017, Rayfuse
2019). The institutional capacity to address climate and
oceanographic changes is reportedly lacking (FAO/GEF 2016,
NAFO 2018, Koubrak and VanderZwaag 2020). Institutional
cooperation with climate data and research institutions has
generally not been pursued despite explicit recommendations
(UNFSA Review Conference 2016, FAO 2016, CCAMLR 2018,
NAFO 2018).  
Climate change is sometimes implicit in stock assessments or
management strategy evaluations as an environmental driver of
variability (e.g., CCSBT 2018, Koen-Alonso et al. 2019). This
approach avoids the potentially contentious issue of attribution
and responds to space and time scales that are relevant for fisheries
management (Reid 2018, IPCC 2019). However, it begs the
question of whether it is sufficient to understand and prepare for
the different paths in which climate change may affect the work
of RFMO/As beyond stock assessment and TAC setting
(Carlarne and Eagle 2012, Pentz and Klenk 2020).  
Strategic and comprehensive planning has been lagging (Pentz
and Klenk 2020). Even the organization with the strongest record
in EA implementation, CCAMLR, has had difficulties advancing
strategic consideration of climate change. In 2009, CCAMLR
adopted a resolution limited to “urging” increased consideration
of climate change impacts in the Southern Ocean to better inform
CCAMLR management decisions, and to “encouraging” all
CCAMLR Parties to actively contribute toward relevant science
initiatives (CCAMLR 2009b). A more concrete proposal to adopt
a “Climate Change Response Work Program” addressing both
science and management implications of climate change to
Southern Ocean fisheries has not reached consensus in the
Commission (CCAMLR 2018). Another proposal to introduce
scientifically based climate change implications statements to the
Commission and Scientific Committee working papers was also
defeated but will be implemented on a voluntary basis by some
members (CCAMLR 2018). More recently, the Western and
Central Pacific Fisheries Commission (WCPFC) adopted, after
extensive discussion, a nonbinding resolution on climate change
as it relates to the WCPFC. The resolution seeks to consider the
potential impacts of climate change on the economies of its
members and cooperating members as well as food security and
livelihoods of their people. It further encourages scientific
research on the relationships between climate change and target
and nontarget species, including interrelationship with other
factors that affect them, and the consideration of that scientific
research in the Commission’s deliberations and the adoption of
conservation and management measures. Noteworthy, the
resolution also includes an explicit but aspirational mitigation
commitment, although limited to reducing the carbon footprint
resulting from the work of the Commission and its subsidiary
bodies rather than the fishing operations (see WCPFC 2019).  
Long-term adaptation strategies to climate-induced changes to
transboundary fisheries have not been adopted, although UNGA
has encouraged RFMO/As to enhance cooperation for the
development and implementation of adaptation strategies
through exchange of data, research, and best practices (UNGA
2019). RFMO/As and their members could benefit from a science-
based regional strategy for adaptation to climate change that
guides the work of the organization as well as the national
adaptation efforts of its members. A difficult aspect would be the
extent to which RFMO/As would be willing and able to address
climate vulnerability to livelihoods and food security. RFMO/As
do not systematically address socioeconomic considerations of
the fishery (Engler 2010, Koen-Alonso et al. 2019; but see WCPFC
2019) despite some provisions of UNFSA (see below).
Responsive decision-making processes
Climate change is expected to affect fisheries stocks and
ecosystems in different ways, including progressive long-term
changes, increased seasonal and decadal variability, increased
occurrence of anomalies, and regime shifts as tipping points are
reached. RFMO/As will need strategies to respond to these
different impacts in a timely manner.  
The institutionalization of cooperation and the complex structure
of RFMOs (Harrison 2019) already facilitates an adaptive
decision-making process based on the results of regular scientific
assessments. Assuming that climate drivers of oceanic change are
integrated in the assessment process, gradual changes can be
accommodated within existing management practices (Diekert
and Nieminen 2017). Abrupt changes (either as anomalies or
regime shifts) will require different responses. UNFSA considers
the need to adopt measures on an emergency basis in Article 6.7.
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If  a “natural phenomenon has a significant adverse impact on the
status of ... stocks, States shall adopt conservation and
management measures on an emergency basis to ensure that
fishing activity does not exacerbate such adverse impact.”
Emergency measures can apply also if  the fishing activity itself
presents a serious threat to the sustainability of the stocks.
Although UNFSA uses the expression “natural phenomenon,” a
nonrestrictive interpretation of the term could include
oceanographic and ecosystem changes caused by uncertain,
cumulative, or indirect anthropogenic drivers.  
Some RFMOs have agreed on protocols to address “exceptional
circumstances,” generally understood to occur when the stock
moves outside the range of parameters compatible with the
various scenarios considered in the MSE simulation testing
(Arrizabalaga et al. 2018, NAFO 2019). If  an exceptional
circumstance is declared (and its severity evaluated), the
Commission is to adopt precautionary measures, ranging from
increased monitoring to reductions in TAC. Expediency can also
be achieved through preagreed management responses to
foreseeable events. For example, some organizations have agreed
on sloping control rules, an adaptive harvest strategy that reduces
exploitation rates with smaller stock size (Sigler et al. 2016). These
measures may not have been adopted to address climate change,
but they are examples of dynamic management in light of
uncertainty and change.  
Increased uncertainty will probably trigger technical or scientific
disputes, as science progresses in understanding complex and
interlinked phenomena that have significant consequences for
management and for the different fishing interests at stake (Pinsky
et al. 2018). Scientific disputes can paralyze decision making and
contribute to the “response gap” of RFMO/As (Pentz and Klenk
2017). UNFSA provides a mechanism to address technical
disputes expeditiously by referring it to ad hoc expert panels
(UNFSA, Article 29), a mechanism that has been used
successfully in the past (e.g., CCSBT 1999). RFMOs could
consider establishing rules and procedures for the establishment
of such expert panels on a pre-emptive basis.
New fishing opportunities
Climate-induced distribution and ecosystem shifts will likely
result in the opening of new fisheries with commercial potential,
which in turn represents significant challenges for ensuring timely,
precautionary, and sustainable management. The structural
barriers of RMFO/As discussed above have, in practice, provided
pervasive incentives for unsustainable fishing that has led to stock
collapse before management measures can be agreed on (Engler
2010).  
New or exploratory fisheries have been addressed in Article 6.6
of UNFSA in the context of the precautionary approach to
fisheries management. The provision requires states to adopt
cautious conservation and management measures as soon as
possible, gather data, assess the impact of the fishery on the long-
term sustainability of the stock, and implement measures based
on that assessment, including the gradual development of the
fishery if  appropriate. More specific standards have been
developed by some RFMO/As (e.g., CCAMLR and South Pacific
RFMO), and by the UNGA resolutions on the protection of
vulnerable marine ecosystems (UNGA 2006, 2009) and FAO
Guidelines on Deep Sea Fisheries (FAO 2009; see also Caddell
2018). Stronger measures have also been agreed for formerly sea
ice covered areas that have the potential to support commercial
fisheries in the future. The parties to the Agreement to Prevent
Unregulated High Seas Fisheries in the Central Arctic Ocean,
signed in 2018, committed to authorize commercial fisheries in
that area of the high seas only after precautionary conservation
and management measures are established (Article 2, 3.1 and 5.1).
It also requires the establishment of a Joint Program of Scientific
Research and Monitoring (Article 4), which has not been finalized
yet. CCAMLR, in turn, designated time-limited special areas for
scientific study in newly exposed marine areas following ice-shelf
retreat or collapse (CCAMLR 2016b, Rayfuse 2018).  
In other cases, the implementation of the UNFSA provisions for
new or exploratory fisheries may be difficult considering the
underlying principle of (qualified) freedom to fish in the high seas,
decision-making processes of RFMO/As, and the economic
incentives leading to “boom and bust” cycles. Noncompliance by
free riders, in turn, remains a challenge despite efforts to address
it through market and port measures (see generally Stokke 2019).
Further substantive or procedural strengthening of the
international regime for new fisheries could result from the ILBI-
BBNJ under negotiation. This agreement could, for example,
require an environmental assessment at least for new fisheries that
do not fall under the jurisdictional mandate of an existing RFMO/
A (Wright et al. 2016, UNGA 2020), outline minimum standards
(UNGA 2020), or strengthen accountability and transparency
(UNGA 2020).
Jurisdictional challenges
Distribution shifts or expansion of regulated fisheries could
potentially extend beyond the generally fixed boundaries of an
RFMO/A, leaving part of the stock outside its regulatory purview.
If  the stocks’ distribution extends to an adjacent area of the high
seas where no RFMO/A with competence over the species exist,
members may need to amend the boundaries of the RFMO or
make arrangements to extend the adopted conservation and
management measures to the adjacent area. Practical
arrangements may prove more flexible than an amendment of the
organizations’ boundaries, in particular if  there is uncertainty
about the permanency of the shift or it affects only one, or a
subset, of species managed by the RFMO.  
The situation is different if  the stock shifts to an area where an
existing RFMO/A has competence for that species, into areas
under sovereign rights of coastal states, or if  nonmembers
commence fishing activities in the adjacent area before an
arrangement is put in place. In all these cases, the substantive
management of the shifting species will require new rounds of
negotiations to coordinate with other organizations or to
accommodate new fishing rights and interests. Early examples of
this are the informal agreement between the Northwest Atlantic
Fisheries Organization (NAFO) and the North-East Atlantic
Fisheries Commission (NEAFC) to address the distribution shift
of the pelagic oceanic redfish and the challenges that the northern
shift of Atlantic bluefin tuna (Thunnus thynnus) represent for the
International Commission for the Conservation of Atlantic
Tunas (ICCAT; Koubrak and VanderZwaag 2020).
Enhancing marine resilience
The broader integration of ecosystem and climate considerations
into fisheries management would require the definition,
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assessment, and balancing of multiple ecosystem objectives (Link
and Browman 2014, FAO/GEF 2016). Those ecosystem
objectives may be in conflict with each other and, in particular,
with short-term fisheries objectives. An EAFM is likely to require
lowering exploitation rates and total allowable catch (Tudela and
Short 2005). Managing for ecosystem resilience to climate change
will require reducing other anthropogenic stressors, including
fisheries (McIlgorm et al. 2010, Craig 2017, Diekert and Nieminen
2017), and the protection of significant ocean areas through
marine protected areas or marine reserves as an adaptation
measure (Grafton 2010, Barange et al. 2018).  
The fragmented and nonhierarchical (decentralized) international
fisheries governance system is ill-equipped for assessing and
balancing trade-offs (Wolfrum and Matz 2003, Friedman et al.
2018). Although the Intergovernmental Panel on Climate Change
(IPCC) highlighted the need for the international community to
progress rapidly to a “whole of ocean” strategy for responding to
the risks and challenges posed by anthropogenic ocean warming
and acidification (Hoegh-Guldberg et al. 2014:1661), there are
only a few, and rather ineffective, avenues that can facilitate that
collaborative problem-solving. Whether the ILBI-BBNJ can
contribute to the international legal seascape by fleshing out
substantive or procedural mechanisms to balance conflicting
objectives in the law of the sea remains to be seen. Other proposals,
such as establishing a centralized high seas fisheries system
(Telesetski 2014) or a complete closure of high seas fisheries to
improve resilience of the ocean (Brooks et al. 2014, Craig 2017)
represent a departure from the principle of (qualified) freedom
of fishing on the high seas that would demand decisive and as yet
unshown global political will.  
Soft law initiatives may lead to political pressure to seek high-level
policy coordination between fisheries, diversity, and resilience
objectives, perhaps giving specific content to the obligation to
protect biodiversity in the marine environment under UNFSA
(Article 5(g)). A resolution by the Conference of the Parties to
the United Nations Framework Convention on Climate Change
addressing oceans (Scott 2017) could call for RFMOs to address
resilience of the marine environment and marine resources
considering the cumulative pressures of fisheries and climate
change and to propose a specific and time-bound action plan to
that end. Although early on the oceans were ignored by the climate
change regime (Freestone 2009), current developments are
providing a stronger basis for integrated and cooperative action
(Because the Ocean Declaration 2015, IPCC 2019). UNGA, the
UNFSA Review Conference, and UN Oceans could also
strengthen efforts to coordinate the work of different sectoral
organizations in addressing multiple ecosystem objectives.
Influential states, coalition of states, or RFMO/As could also
show leadership in this regard.
Revisiting allocation agreements
Shifts in the distribution and abundance of stocks will produce,
as is often stated, “winners and losers” among nations (Hoegh-
Guldberg et al. 2014:1660, Sumaila et al. 2020). Climate change
has already had and will continue to have distributional
consequences for fisheries management. The distribution of
natural resources has been a main driver of the development of
international law of the sea, and at the core of RFMOs’ mandates.
It is still to a significant extent an unsettled issue, and conflicts
are likely to become more frequent with climate change, either as
a result of shifts in distribution or abundance.  
Distribution shifts from the EEZ to the high seas or vice versa
may trigger situations of “double jeopardy” or unsustainable
competing harvesting (Pinsky et al. 2018, Rayfuse 2019). Shifting
stocks can also affect the balance of interests reflected in sharing
agreements, if  compatibility of measures adopted for the EEZ(s)
and the high seas are based on the assessment of the zonal
attachment of the stocks. A reassessment of that criterion based
on new factual circumstances may be needed. Preagreed criteria,
indicators, process, and time line for reassessment may abate
scientific and policy conflict and uphold cooperative action (see,
e.g., NEAFC 2017, Palacios-Abrantes et al. 2020).  
Sharing agreements can also be destabilized by new participants,
for example, if  the stock shifts to the EEZ of a nonmember coastal
state or to the area of the high seas under the jurisdiction of
another RFMO/A. Accommodating new participants in the
fishery would entail restricting existing fisheries opportunities
and affecting the status quo, a decision that is usually resisted
even at the expense of sustainability.  
Challenges to sharing agreements can also result from reductions
of exploitable biomass. Gradual changes in abundance are more
likely to be accommodated within existing assessment and
management processes (Diekert and Nieminen 2017), although
reductions in TACs are usually resisted. Agreements to share
metric tonnes rather than a percentage of TAC are inherently less
resilient.  
Loss of fishing opportunities may also result from lack of
adaptive capacity. For example, there may be a need to adapt the
fishing fleet and gear to fish at greater distances or water depths.
Lack of adaptive capacity may also limit the ability of some
members to participate in new fisheries. If  historical catches are
used as a predominant criterion for allocation of fishing
opportunities once the fishery is established as a commercial
fishery, the lack of adaptive capacity to take advantage of new
opportunities will translate in reduced fishing opportunities in
the long term.  
Transferable quotas, other tradable right-based systems, and side
payments are often suggested as a means to improve flexibility of
fisheries management arrangements (OECD 2010, Aqorau et al.
2018, Palacios-Abrantes et al. 2020). These systems allow
reallocation of fishing opportunities to adapt to situations of
operational or economic inefficiency resulting from distribution
or abundance shifts. The practice of quota trading among
members is common in most RFMOs. However, these economic
measures do not necessarily address socioeconomic impacts, in
particular food security and employment (Ojea et al. 2017).  
Establishing high level principles for oceans and adaptation, with
references to climate justice issues of access to fisheries, has been
suggested to integrate oceans and climate (Scott 2017). To date,
climate justice arguments have not been put forward in the
RFMOs’ work on allocation (e.g. ICCAT 2016, IOTC 2019), and
they would likely be resisted. Even in the absence of such high-
level policy, RFMOs could address some of the distributional
concerns resulting from shifting stocks through increased
visibility and practical application of some of the UNFSA
provisions relevant to allocation. These include Articles 24 and
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25 addressing recognition of the special requirements of
developing states and forms of cooperation with developing
states, respectively. Particularly relevant are the provisions that
call for states, directly or through regional or global organizations,
to enhance the ability of developing states to develop their own
fishery for transboundary stocks and to participate in high seas
fisheries. Articles 5(i), 7.2(e) and 11(d)-(e) in turn recognize
dependency on fisheries as a criterion to consider in the adoption
of management measures, particularly in allocation of fishing
opportunities. An RFMO’s adaptation strategy could advance
those concepts and pre-empt disputes that are costly both for the
organization and for the sustainability of marine resources.
CONCLUDING REMARKS
Integrative and adaptive EA are widely considered an imperative
for transboundary fisheries management and will become more
relevant in the context of climate-induced changes to the marine
ecosystem. Indeed, climate change highlights and reinforces the
need to manage fish stocks with full consideration of the
complexity, uncertainty, and unpredictability of dynamic and
deeply interconnected social-ecological systems.  
UNFSA includes a number of provisions that frame RFMO/A
responses to the complexity and dynamism of ecosystems and
support adaptive capacity. Nevertheless, these provisions exist
within a structure and objectives that follow legal principles and
tenets in tension with integration and adaptation: the
fragmentation of environmental law, international law, and the
law of the sea; objectives aligned with stationary visions of
ecosystems (Craig 2010); and the upholding of certainty and
stability in the relationship and agreements between participating
states. Reconciling these principles in tension has been a central
challenge in the theory and practice of EA to management,
particularly in the context of climate change (Karkkainen 2002,
Craig 2010, 2013, Doremus 2010, Ruhl 2010, Green et al. 2015).
In the case of RFMO/As, potential responses are further
constrained by the decentralized and consensus-based nature of
international law.  
RFMO/As have already adopted some flexible arrangements,
adaptive responses, and adaptive capacity, in some cases triggered
by the need to respond to climate-induced changes to stocks
distribution. Largely, however, these have been ad hoc responses.
RFMO/A are yet to address climate change in a proactive and
comprehensive manner. Strengthening the knowledge base and
expertise, systematically addressing climate change in decision-
making structures and processes (Rayfuse 2019), and building
adaptive capacity and flexible cooperative mechanisms (including
allocation agreements) will likely become a more prominent and
explicit part of the work of RFMO/As.  
The question that remains is whether the incremental
implementation of EA to transboundary fisheries management
will be sufficient to address increasing challenges (Pentz and
Klenk 2020). The rate and scope at which RFMO/As have been
introducing ecosystem considerations, including climate change,
into management decisions (Koubrak and VanderZwaag 2020)
may be outpaced by the rate and scale of ecosystem change (Pentz
and Klenk 2020). Further, explicitly considering climate change
in the implementation of the EA to transboundary fisheries
management only addresses one side of the deeply interconnected
ocean-climate relationship. The reconciliation of fisheries
objectives with a broader goal of ensuring marine resilience to
climate change is an aspect mostly unaddressed by RFMO/As,
difficult to address within the sectoral fragmentation of the law
of the sea, and would require strong global political will.
Additionally, unresolved equity issues in the distribution of
fishing opportunities for straddling and highly migratory stocks
and the benefits and burdens of conservation measures will be
reopened and exacerbated under climate change.
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